We consider the existence and uniqueness of periodic solutions for the generalized bioconvective flow, which is a well-known model to describe the convection caused by the concentration of upward swimming microorganism in a fluid.
Introduction
We show results of existence of periodic solution to the equations of a bioconvective generalized flow, which describe the motion of a viscous and incompressible fluid in which there is a culture of microorganisms. We understand as bioconvective, the convection derived from the difference in concentration of microorganisms in culture, due to the fact that these microorganisms have a tendency to swim in the vertical direction (we are considering the case of a domain where the flow is submitted to the action of gravitational forces).
The equations discussed in this work are:
Here the following notations are used -⊂ R 3 is a bounded domain and represents the region of flow of fluid. It denotes ∂ the boundary of . -u(x, t) denotes the fluid velocity at a point x = (x 1 , x 2 , x 3 ) ∈ , and instant t ∈ [0, T ], where 0 < T ≤ +∞. -p(x, t) is the hydrostatic pressure at the point x and instant t.
-c(x, t) represents the concentration of microorganisms at a point x ∈ and instant t.
-μ(·) > 0 is the viscosity of fluid.
-θ is a constant that indicates the rate of diffusion of microorganisms.
-g is the intensity of the acceleration of gravity (assumed constant).
-f represents an external force given. We will suppose that f is divided into two parts,f which does not depend on t andf that depends on t. -χ is a unitary vector in the vertical direction, i.e., χ = (0, 0, 1) t . That is, coordinate system is placed so that the gravitational forces acting on vertical. -U denotes the average velocity of swimming of the microorganisms in the vertical direction. -ρ is a positive constant, given by ρ = ρ 0 ρ m − 1, where ρ 0 and ρ m are the density of one organism and the culture fluid density, respectively.
In the above equations, ∇, , and div represent the gradient, Laplacian, and divergence operator, respectively; u·∇u indicates the convection operator, whose component ith in cartesian coordinates is given by (u · ∇u) i = In what follows, the spaces labeled in bold face represent the cartesian product of the space with itself three times.
In order to simplify the notation, we set c = (gρ) −1 m and
The classical bioconvective equations correspond to the particular case of (1) with the viscosity, μ, constant (during the course of this work we call this special case of classical bioconvective equations). Levandowsky et al. [11] and Moribe [14] discuss in their works, the biological and physical phenomena that give rise to such equations. They also have some qualitative descriptions based on intuitive arguments. do a mathematical analysis of the classical bioconvective equations, obtaining results of existence of solutions both of the stationary and evolution problems.
We note that in this paper we are interested in the generalized case in which the concentration of microorganisms affects the viscosity of the fluid. This problem, with initial conditions, was studied in the papers [2, 3] , both for stationary and evolution problem, proving weak and
